In this paper, dynamic and static structural responses of the spent nuclear fuel disposal canister for PWR due to the accidental drop and impact on to the ground are analyzed in a multidisciplinary analysis manner theoretically and numerically in order to ensure the structural durability of the canister. The impact impulse occurring by the frictionless contact collision between the canister and the ground is studied theoretically and the numerical analysis on the dynamic response is presented to compute the impact load and other dynamic features incurred during the collision. The static structural impact response occurring in the canister is also analyzed numerically using the nonlinear finite element analysis technique.
Introduction
Transportation packagings for high level radioactive wastes (HLW) such as spent nuclear fuel assemblies or radioisotopes are frequently designed as solid-walled containers and should be secured to protect the public and environment from radioactive dangers. Therefore, the main function of ABOUT THE AUTHOR Young Joo Kwon received his BS and MS degrees in Mechanical Engineering from Seoul National University in 1979 and 1981 respectively. He then received his PhD degree from the Department of Aerospace Engineering at the University of Michigan at Ann Arbor in 1987. He worked as an engineer at ADAPCO and EMRC in USA, and as a senior researcher at KIST in Korea. He is currently a Professor at the Department of Mechanical & Design Engineering at Hongik University in Korea. His research interests include nonlinear solid mechanics and structural analysis, multibody dynamics, FEM, structural optimization, and collision impact. He has studied on the spent nuclear fuel disposal canister development since 2000. This paper is one of outcomes from these studies. He had involved in the national project sponsored by Korean government and worked with KAERI for the high level radioactive waste treatment such as spent nuclear fuel.
PUBLIC INTEREST STATEMENT
Everybody remembers Fukushima Daiichi nuclear disaster. What is the fear? Nuclear power plant is good to us except nuclear fuel. There is no problem while nuclear fuel is inside reactor, but there happens a big problem when it burns out from reactor. How can we treat it? Atomic bomb? We cannot destroy and resolve it chemically! The spent nuclear fuel is a big trouble maker. Nowadays the only way how to treat is to seal and deposit it in a deep geological repository. This paper aims to develop a methodology how to seal and transport it into the repository safely. Specifically, this paper studies on whether a designed sealing package (or canister) of spent nuclear fuel withstands its structural integrity in a hypothetical accidental drop impact event in repository. Also this paper intends to develop a rather cheap method to solve such a problem using cheap commercial computer programs.
these solid walled containers is to provide a safe and reliable barrier against radioactivity for both normal and hypothetical accident transportation conditions. The package used to transport radioactive materials is called as a cask. The cask must be safe under normal and hypothetical accident conditions. The regulations (International Atomic Energy Agency, 1996) of the International Atomic Energy Agency (IAEA) provide specifications of these transport conditions. The normal conditions are hot/cold temperature environments, minimum external pressure, vibration and fatigue. The hypothetical accident conditions consist of free drop, puncture drop, and thermal conditions. The free drop condition states that the cask should maintain its structural integrity following a free drop through a distance of 9 m (30 ft) onto a flat, unyielding horizontal surface in the most vulnerable orientation. It should strike the surface in a position that is expected to inflict maximum damage and should contain the maximum weight of contents. The puncture drop condition state that the cask is required to maintain its structural integrity following a 1 m (3.25 ft) drop upon a 15 cm (6 in) diameter, at least 20 cm (8 in) long pin made of mild steel. Since the structural safety depends on the impact of hypothetical accident conditions causing maximum damage to the cask, the understanding of impact behavior of 9 m drop and the optimization for impact resistant properties are important. So far, there have been huge amount of works (Aquaro & Forassasi, 1983; Aquaro, Zaccari, Di Prinzio, & Forasassi, 2010; Choi & Seo, 2010; Diersch, Weiss, & Dreier, 1994; Lee, Kim, Kang, Chung, & Choi, 2004; Lee, Ryu, Kim, & Choi, 2005; Miller, 1993; Teng, Chu, Chang, Chin, & Lee, 2003; Teper & Suavé, 1989) reported on the 9 m free drop accident analysis for spent nuclear fuel (SNF) transportation, storage containers. In some of these studies, the researchers relied on very specific container geometry and they computed the peak magnitude of impact force especially in the case of plastic deformation. Consequently, their findings are limited and not necessarily applicable to other cases and furthermore they overestimated the actual effective force as the peak magnitude of the impact force because they assumed that the deformation is a perfect plastic one. In an actual drop and impact event of a container on the ground, the collision phenomena are very dynamic and occur over an extremely short period of time. As a result, the peak magnitude of the impact load is extremely high. It is critically important to determine the actual effective impact force which might be exerted on a canister during such an impact period for the structural analysis to determine the strength of the container if its structural durability design is to be sufficiently improved. A static structural analysis is carried out to determine the strength of the container and in this case the actual effective impact force to be exerted on the container is crucial for the proper reliable analysis.
Nowadays Korea operates a total of 21 nuclear power plants. Seven more nuclear power plants will be constructed by 2020.This construction of nuclear power plants will increase the generation of a significant amount of radioactive wastes such as spent nuclear fuels. The estimated total amount of SNF from all 28 nuclear power plants will be approximately 36,000 tons of Heavy Metals (THM) (Choi, Kim, & Kang, 1999) . The safe isolation of nuclear wastes or radioisotopes from the human environment and biosphere is a critical issue to maintain the continuing construction of nuclear power plants. Since SNF emits heat and much radiation, careful treatment of SNF is required. For this reason, a long term (usually, 10,000 years) safe repository for SNF disposal should be secured. Deep geological repositories have been considered as the most feasible and safe solutions to protect the public health and environment from the radiological effects caused by nuclear waste during its harmful period (Chijimatsu et al., 2005; Kwon, 2010; Lee, Cho, Choi, & Choi, 2007; Zhou, Apted, & Kessler, 2010) . Currently, deep geological disposal technology involves depositing SNF at a mined underground facility located at 500-1000 m below ground level in a rock encased location. Some countries are pursuing R&D projects to develop deep geological disposal technologies for SNF that will be commercially viable by 2020 (Cho et al., 2008) . Korea began a national R&D program to develop deep geological disposal technology for HLW such as SNF. Research studies for the development of the engineered barriers were carried out using a Korean calcium bentonite block as a buffer material, and the Korean SNF disposal canister or KDC for PWR spent fuels was designed as shown in Figure 1 (Lee et al., 2007) . Here, the term "canister" is defined as a container or a specific cask which is designed to encapsulate SNF bundles (or baskets) at a hypothetical deep geological repository and transported to the borehole by a specially designed vehicle in the repository. Hence, the canister may be one of casks. As shown in Figure 1 , the conceptual design of the KDC has a cylindrical shape and consists of a massive insert with corrosion resistant outer shell, lid and bottom. The insert provides mechanical strength and radiation shielding, allowing four square tube shaped SNF baskets (assemblies) to be contained and fixed configuration. The SNF disposal canister for PWR should be able to withstand the geo-environmental conditions for period of 10,000-1,000,000 years at a depth of 500 m in an underground repository. For this purpose, the SNF disposal canister must have sufficient structural integrity (Kwon & Choi, 2003; Kwon, Kang, Choi, & Kang, 2001 ) and light enough weight (Wang, Gea, & Kwon, 2014) for easy handling and cheap manufacturing while maintaining radioactive shielding. However, whether this conceptually designed canister as shown in Figure 1 has sufficient structural integrity to withstand hypothetical accident transportation conditions, especially 9 m free drop impact condition is still questionable. Since a drop down collision is especially dynamic, large-plastic deformations in canister may be produced. Due to the costly nature of material, environmental and human consequences, the dynamic and static structural responses of a container like the SNF disposal canister for PWR which is now operated in Korea subject to an accidental ground drop and impact event should be analyzed at the design stage. This will help determine whether the canister structure has sufficient impact strength to ensure a low probability of severe collision damage. The accidental ground drop and impact event experienced by the canister may cause a damage and fracture of the canister which will expose the radioactivity to the human environment. Of particular concern to the structural designer is determining the actual effective impact force which might be exerted on the canister for the structural analysis during such an impact and can cause the collapse of the canister. The impact force applied to the canister is very dynamic (Kwon, 2013 (Kwon, , 2016 , whereas the resulted final structural damage or deformation occurring in the canister is static (Kwon, 2011) . The collision impact problem is a typical crucial one treated by many people (Brach, 1991; Goldsmith, 1960; Stronge, 2000) . Also many researchers tried to compute the impact force pulse due to contact collision between two bodies analytically, numerically and experimentally (Hunter, 1957 (Hunter, , 1960 Jaeger, 1994; Maw, Barber, & Fawcett, 1976; Wang & Mason, 1992; Zhong & Jaroslav, 1994) . However, the three dimensional analytical solution for the impact force is quite difficult to obtain except for a simple one or some two dimensional solutions assuming the colliding bodies as particles or spheres. The collision impact phenomenon of a SNF disposal canister for PWR subjected to an accidental drop and impact on the ground is quite complicated and a multidisciplinary one. Hence, a multidisciplinary analysis is needed to understand the phenomenon. A dynamic response should be analyzed to compute the impact force pulse occurring and applied to the canister during collision impact period. Simultaneously, a static structural response should be analyzed to compute the stresses and deformations occurring in the SNF disposal canister due to the impact force. However, a simultaneous multidisciplinary analysis is a time-consuming tedious hard work because there may exist so many situations of accidental drop and impact events on the ground. Therefore, previously, only a static structural analysis (Kwon, 2011) for the SNF disposal canister was performed to compute the stresses and deformations occurring in the canister due to the accidental drop and impact on the ground but the applied impact force was not accurate because of the unskilled treating of the CAE system of RecurDyn. Hence, a separate dynamic analysis (Kwon, 2013 ) was performed to compute the impact force pulse accurately occurring and applied to the SNF disposal canister during the collision impact period and revealed many interesting dynamic characteristics of the impact force. Furthermore, a theoretical and numerical methodology (Kwon, 2016) was proposed to compute the impact impulse which can be applied specifically to the SNF disposal canister subjected to the accidental drop and impact on the ground. In the previous study (Kwon, 2016) , the numerically computed impact impulses were compared with those obtained by the theoretically developed method and they agreed very well. Nonetheless, a simultaneous multidisciplinary analysis is still desirable despite its time-consuming tedious hard work. The only tool for this work is using the explicit time integration solvers, or the 3-D dynamic simulation analysis code such as LS-DYNA3D and ABAQUS/Explicit (Lee et al., 2005) . Even though these 3-D dynamic simulation analysis using commercial FEA codes is the most efficient method, the cost is very high because commercial 3-D dynamic simulation analysis codes are very expensive. LS-DYNA3D or ABAQUS/ Explicit is rarely available to researchers. But rather somewhat cheap commercial codes like RecurDyn, ADAMS, and NISA are easily available. Moreover, LS-DYNA3D and ABAQUS are more suitable to the crash between automobiles because surface contact usually occurs and friction effect may be very significant in such a case, whereas the contact of the canister onto the ground is a point or a line contact in the accidental drop and impact event from the transportation vehicle in the repository and the friction effect may not be significant or serious in such a case. Therefore, a cheaper or economic methodology for the analysis of the dynamic and static structural responses of the SNF disposal canister using commercial CAE codes (RecurDyn, ADAMS, NISA) is developed and the theoretical study of the impact impulse is carried in this paper. However, in future studies, 3-D dynamic simulation analysis will be carried out using commercial explicit time integration solvers like LS-DYNA3D and ABAQUS/Explicit. Therefore, in this study using commercial CAE codes of RecurDyn, ADAMS, and NISA instead of LS-DYNA3D and ABAQUS/Explicit, dynamic and static structural responses of the canister are analyzed simultaneously together in a multidisciplinary analysis manner in order to better understand collision impact phenomena of a SNF disposal canister for PWR subjected to an accidental drop and impact on the ground and to ensure the structural durability of the canister. Besides, a general method to compute the impact impulse occurring due to the frictionless contact condition between canister with general geometric shape not limited to the cylindrical shape and ground is developed theoretically in this study. This theoretical method is the generalization of the method theoretically developed in the previous study (Kwon, 2016) in which only the specific cylindrical shape of canister could be applied. The comparison between the theoretical solution and the numerical solution for the impact impulse is not presented in this study because it was treated and verified in the previous study (Kwon, 2016) . Numerical dynamic response analyses to compute impact forces (and impact impulses), velocities, and altitudes of the canister due to the collision impact on to the ground were performed using commercial CAE codes of RecurDyn and ADAMS. Numerical structural static response analysis to compute stresses and deformations occurring in the canister due to the collision impact was performed using the nonlinear analysis capability of commercial FEA code, NISA. Although it cannot be treated in detail in this study, the structural optimization design (Liu et al, 2016; Zhou & Wang, 2014) of the canister should be performed after the structural response analysis is completed, especially the design considering uncertainties (like load uncertainties etc.) included in the accidental drop and collision impact event of the SNF disposal canister on to the ground.
Dynamic response analysis
In this section, the dynamic response analyses are presented and especially a general theoretical method to compute impact impulse occurring due to the frictionless contact between canister with arbitrary general geometric shape and ground is developed.
Theoretical impact impulse analysis

Derivation of impact impulse equation for collision between two moving bodies
When a collision occurs between two moving bodies, they experience discontinuous changes in both velocity and angular velocity. The actual physical phenomena and transformational processes during the impact are highly complex. In terms of behavior in the bodies affected, it is postulated that the impact itself occurs in such a short time interval ∆t that in the mathematical description the idealization ∆t → 0 is possible. This implies that any wave of deformation or stress throughout the bodies is negligible during impact since such processes require finite periods of time. Hence, all bodies of a system may be treated as rigid bodies in the event of a collision (Wittenburg, 2007) . During the infinitesimally short time interval, the positions and angular orientations of the bodies remain unchanged because the velocities and angular velocities themselves remain finite. Only impulsive forces can cause discontinuous changes in velocity and angular velocity. As such, force F(t) is called an impulsive force if its integral over the time interval ∆t converges toward a finite quantity F (t) when ∆t approaches zero. This can be expressed as, It should be noted that for this to be the case, the magnitude of F(t) must tend towards infinity during ∆t in the case ∆t → 0. Also, the quantity ̂ (t) may be referred to as the impulse while the torque of the impulse is termed the impulse couple.
Let us consider a moving body which collides with another moving body. At the point of impact located by the vector , the impulsive force F is acting on each body. Both Newton's law and Euler's law of motion suggest where r is the position vector of the mass center of the colliding body with respect to the inertial reference point, is the position vector of the collision contact point with respect to the mass center of the body, m is the mass of the body, is the inertia tensor of the body with respect to the mass center C, and is the angular velocity of the body. Both Newton's and Euler's equations are integrated over the time interval ∆t. When ∆t goes to zero, the tensor and the vector have constant coordinates in inertial space. Also the finite term × ( ⋅ ) does not contribute to the integral. Therefore, the resulting equations read Let us consider a collision between two arbitrary bodies as shown in Figure 2 . To obtain a solution, a proper global inertial coordinate system must first be chosen. For the purpose of this study, a global inertial rectangular coordinate system (x, y, z) is selected and presented in Figure 2 . The origin O is located at the colliding contact point between two rigid bodies. The x axis is positioned in the perpendicular direction with respect to the colliding contact plane of the two bodies, while the y and z axes are positioned in the tangential directions with respect to the colliding contact plane of the two bodies. It is important to note that the colliding contact plane is the y-z plane. Therefore = − as shown in Figure 2 . Given these conditions, Equation in (3) can be adjusted as Therefore the velocity of the colliding contact point O (or ) is found to be related to the mass center velocity v as In this regard, once the velocity of the mass center is obtained, the velocity of the colliding point can be obtained by Equation (5). Moreover, using the notation shown in Figure In these cases, v and ω indicate the velocity and the angular velocity respectively immediately before the collision, while c and Ω denote the velocity and the angular velocity respectively immediately after the collision. Then, Equations in (6) take the following forms, noting ̂ 12 = −̂
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These equations essentially represent linear momentum and angular momentum conservation laws as stated in Equation (Pestel & Thomson, 1968) . Using Equation (5), with e ≡ the coefficient of restitution, the condition of restitution takes the following form, Based on this information, ten scalar equations from Equations (7)-(10) may be generated though there exist twelve unknown variables for the solution. Subsequently, two more equations are needed to obtain the two remaining unknown variables. These additional two equations may be obtained from examining the collision contact conditions.
Impact impulse solution for frictionless collision contact
Usually the softness and friction of ground, or floor play a crucial role in determining the actual impulse. However, if the friction coefficient is taken into account, the mathematical analysis quite complicate and lengthy. Furthermore, the contact between the canister and the ground is a point contact or a line contact. In this case the effect of friction may be negligible comparing to the surface contact occurring in the automobile crash. Therefore, even though the analysis with frictional hard contact condition is desirable practically, such a case will be treated in future studies because this paper aims to suggest the mathematical methodology how to formulate the impact impulse theoretically. Hence, a collision case is considered in which there is no friction between two colliding bodies. In this case, the frictionless contact condition is valid and takes the following form, when the notation in Figure 2 is adopted. Equation (11) provides missing additional equations for the solution. These equations can be solved directly in order to obtain the closed form impact solutions. Using the rectangular coordinate system (x, y, z) as shown in Figure 2 
(10)
with A Given this information, the impact impulse is found to be proportional to the relative velocity of the colliding contact points. It should be noted that the impact impulse is large when the masses of the two colliding bodies are also large so long as their centers of mass are located near the impact normal which is the straight line (i.e. the x axis in Figure 2 ) perpendicular with respect to the colliding contact plane (i.e. the y-z plane in Figure 2 ). The plane is tangential and common to both bodies at their point of contact. In addition, the impact impulse reaches its maximum value when the impact normal passes through the centers of mass and when the velocities of the centers of mass coincide immediately before impact with the impact normal. This constitutes a straight central direct collision impact.
Justification through classical theory
The velocity of the body's mass center and the angular velocity of the body also satisfy the energy conservation law during free drop test such that with P = mgh (potential energy of the body).
In this case, v is the velocity of the body's mass center, ω is the angular velocity of the body, g is the magnitude of the gravitational acceleration, and h is the height of the body's mass center from the ground. If the body drops freely with zero initial velocity and without any rotation from the place whose vertical altitude (height) is H from the ground, then the velocity of the body's mass center immediately before the collision can be obtained as v x = − √ 2gH and v y = v z = 0 from (15). In doing so, it is important to note that the ground surface coincides with the colliding contact plane that is tangential and common to both the drop body and the ground at their point of contact. By inserting this velocity value into (12), the impact impulse at the moment of the collision can be determined. If the body drops vertically on to the ground or if the impact normal (i.e. the x axis) of the colliding contact plane passes through the drop body's mass center (i.e. y and z = 0 in (12)) (i.e. a straight central direct impact), then (12) takes the following form where H′ is the altitude (or height) which the canister reaches after the collision. This agrees precisely with the classical theory derived by Pestel and Thomson (1968) when a canister is treated as a particle with mass m as it strikes against the wall. Also, the formula for Equation (12) derived in this paper precisely agrees with that formulated by Wittenburg (2007) . Hence, the impact impulse in (12) is justified through the classical theory. Moreover, it is clear that the drop body's mass, velocity of the drop body's mass center, the angular velocity of drop body, the position of the drop body's mass center, and the moments and products of inertia for the drop body with respect to its mass center affect the impact impulse as shown in (12). Furthermore, the impact impulses formulated theoretically in (12) and (16) are applicable to any type of drop body geometry or collision.
Application to the SNF disposal canister accidentally dropped and impacted on the ground
The general solution derived in the previous section is applied to the SNF disposal canister accidentally dropped on the ground as shown in the Figure 3 . The canister has a cylindrical geometry which has dimensions shown in the Figure 3 . If the colliding contact between the canister and the ground is assumed to be frictionless, then the impact solutions formulated in (12) can be applied to the accidental drop and ground impact event for a SNF disposal canister. If the canister is taken as body 1 and the ground as body 2 from the Figure 2 , then the mass of the ground can be assumed to be (14)
infinitely very large and the velocity of the ground to be zero. Hence, previous terms regarding ground (body 2) can be removed from the general solution Equations (12)- (13). The total impact impulse applied to the canister during impact period (T) due to the collision between the canister and the ground can thus be obtained from Equations (12)- (13) as and
where m is the canister's mass, v is the velocity of the canister's mass center, is the angular velocity of the canister, y and z are coordinates of the canister's mass center, e is the coefficient of restitution, and is the inertia tensor of the canister with respect to the canister's mass center immediately before the collision or at the moment of collision. The above Equation (17) agrees exactly with the result presented in the previous work (Kwon, 2016) . Therefore, the equations formulated in this work treat the more general case which can be used to the wide range applications. Using (17) the impact impulse for any canister geometry can be computed even though the current geometry of canister is cylindrical. The three dimensional form of impact impulse for the specific geometric canister shown in the Figure 3 can be derived using (17). Let us assume that the cylindrical canister is one dimensional cylindrical beam whose length is L and diameter is R and L ≫ R or R/L ≈ 0. Then the position vector, r = xi + yj + zk, of the mass center C becomes r ≈ (L/2)(sin γi + cos γk), that is, x, y, and z from the general solution (17) become x ≈ (L/2) sin γ, y = 0, z ≈ (L/2) cosγ for one dimensional cylindrical beam. And the components of inertia tensor with respect to the mass center C in terms of the current coordinates x, y, z become
The impact velocity and angular velocity can be assumed as (17)
J xx = mL into the above (20), the total impact impulse becomes for the very thin long cylindrical canister or one dimensional uniform beam (or rod), This impact impulse for the one dimensional prismatic uniform beam dropped on to the ground agrees exactly with the result derived in the case of drop/impact analysis of one dimensional uniform beam by Zhou et al. (2008) . Zhou et al. (2008) derived a relationship between the impact impulse P(T) and the impact angle (γ) for drop/impact analysis of typical portable electronic devices assuming the portable electronic device as one-dimensional uniform beam (or rod) as shown in Figure 4 . Denoting the overall mass by m, the length by l, the initial impact velocity by V 0 , the drop/ impact orientation by γ, and the contact-impact period by T, they firstly derived the rebound vertical velocity V ⊥A (T) of contact point A of the beam-rod system in Figure 4 as follows, Denoting the coefficient of restitution by ξ, then the rebound velocity is V ⊥A (T) = ξV 0 . Thus they secondly derived a relationship between the impulse and the impact angle as follows, which exactly agrees with the impact impulse in (21) derived in this paper noting that e = ξ, P(T) =F x .
Numerical analysis of dynamic responses
In this section the numerical dynamic response analysis is presented. The three dimensional analysis is carried out to compute the impact force pulse during collision using the commercial computer dynamic analysis codes, ADAMS and RecurDyn, and both results are compared. And the impact forces computed in this section are used as the external loads for the following structural static response analysis in a multidisciplinary analysis manner. In order to perform the computer dynamic simulation of the accidental drop and ground impact event for a SNF disposal canister transported to a repository, the vehicle, the canister and the ground are modelled together in which the canister stayed on the vehicle whose height is 5 m (see Figure 5 ). The vehicle is moving with a speed and thereafter the canister dropped from the vehicle as shown in Figure 5 . Figure 5 shows the dynamic computer simulation process that the canister drops from the vehicle and collides on to the ground. 
V ⟂A (T) = −V 0 + P(T)(1 + 3 cos 2 )∕m Figures 6 and 7 show the dynamic response analysis results. Figure 6 show the impact force and impact impulse when the canister collides on to the ground. According to the analysis result, the canister's top or bottom hits the ground firstly and then the opposite part hits the ground secondly very shortly after the first collision. The second impact force is larger than the first one. Two analysis results carried out by ADAMS and RecurDyn agree very well as shown in Figure 6 . Figure 7 shows variations of vertical altitude and velocity of the canister (mass center) during the dynamic simulation duration of the SNF disposal canister in an accidental drop and ground impact event.
Numerical analysis of static responses
Even though the collision phenomenon of the SNF disposal canister subjected to the accidental drop and impact on to the ground is dynamic and the structural deformation characteristics during impact may be vibration, the final structural damage or deformation incurred to the canister by the collision impact is static as seen in the previous study (Kwon, 2011) . The static structural damage is caused mainly by the impact load. In this section the static structural response such as structural damage or deformation of the canister due to the impact force is analyzed using the commercial finite element computer analysis code, NISA. The impact forces computed thru the previous 
dynamic response analyses are applied to the canister as the external loads in a multidisciplinary analysis manner. A nonlinear structural analysis is carried out to compute stresses and deformations occurring in the canister using the nonlinear analysis capability of NISA. Figure 1 shows the structural shape and components of the SNF disposal canister used for the analysis. Tables 1 and 2 show the material property values which were used in Kwon (2011) and Börgesson (1992) of the component parts of the canister which are used for the nonlinear structural analysis. The peak magnitude of impact force computed thru the previous dynamic response analyses and applied to an edge point of the canister's top due to the first collision impact as shown in Figure Table 2 (Börgesson, 1992), a nonlinear elastoplastic structural analysis is carried out. Figures 8 and 9 show the static structural response of damaged or deformed shape of the canister due to the impact loads applied to the canister during the accidental drop and ground impact. The canister is severely damaged or deformed by the peak magnitude of impact force as shown in Figures 8 and 9 . Examining the stresses occurring in the cast iron insert of the canister, the maximum stress occurring in the cast iron insert exceeds severely the yield stress, whereas the deformation is not so much seriously large enough to reveal the SNF bundles sealed inside the canister, when the peak magnitude of the impact force is applied as an impact load as shown in Figure 9 .
Conclusion
In this paper, the dynamic and static structural responses experienced by a SNF disposal canister subjected to an accidental drop and ground impact event were analyzed theoretically and numerically. Given the consequences in material, environmental and human costs should such an accident occur, the dynamic and static structural collision response of a container like the Korean Disposal Canister (KDC) for PWR should be carefully analyzed at the design stage in order to ensure that its impact strength can withstand a severe collision. Of primary concern to the designer of such a SNF disposal canister is determining the actual effective force exerted on the canister during the impact as an external load. A theoretical mathematical study to compute the impact impulse was presented and simultaneously the dynamic response was analyzed numerically using the commercial computer codes, RecurDyn and ADAMS. Simultaneously, a static structural response was analyzed to determine the structural strength of the canister in a multidisciplinary analysis manner. The static structural response analysis was carried out using the commercial finite element analysis computer code, NISA. A nonlinear elastoplastic structural analysis was performed for the peak magnitude of impact force. The dynamic analysis result shows that shortly after the first collision of the canister on to the ground the second collision occurs and the second impact force is larger than the first one.
The static structural response analysis result shows that the canister is severely damaged or deformed for the peak magnitude of the impact force but the SNF bundles sealed inside the canister are not revealed. 
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